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Overview

Timeline

Barriers

e Barriers addressed

e Project start date: 10/01/2021
e Project end date: 9/30/2026
e Percent complete: 13 percent

Budget

« Total project funding: DOE share $75M
* Fundingreceived in FY 2022: $15M
« Funding for FY 2023: $15M

Increasing the energy density of advanced lithium
(Li) batteries beyond what can be achieved in
today’s Li-ion batteries is a grand scientificand
technological challenge.

Partnhers

Project lead: PNNL

Team: Binghamton Univ., BNL, INL, GM, Penn State
Univ., Stanford Univ./SLAC, Texas A&M, UC San
Diego, Univ. of Maryland, Univ. of Pittsburgh, Univ. of
Texas, Austin, Univ. of Washington
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Relevancy:

Project Objectives

Develop next generation high-energy, low-cost batteries for electric vehicles

Design, fabricate and validate high energy pouch cells up to 500 Wh kg
Scale up pouch cell capacity up to 5-10 Ah

Demonstrate long cycle life of up to 1,000 deep charge-discharge cycles

Achieve total control of battery chemistries for robust, scalable and
commercially viable technologies
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Approaches
Fundamental breakthroughs in controlling the electrochemical reactions in
high energy electrode materials and cells for next generation high-energy,

low-cost batteries:

Integrating development and discoveries from materials to cell level, and
rapidly validating and incorporating latest results in realistic cells;

Leveraging materials developed under other DOE programs, and state-of-
the-art DOE facilities to understand and prevent degradation.

Developing and deploying multi-disciplinary approaches and enhancing
collaborations between national laboratories, universities and industry.
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Technical approaches

Questions we want to answer (Bao):

1.

2.

n
n

How do we design high-CE electrolytes?

- Solvation, ion conductivity, oxidative stability

How do we design coatings to mitigate the issues from electrolytes?

-derived SEI
Lithium metal

- Reduce reaction from electrolyte, dissolution of SEI, uniform ion flux
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Battery 500 approaches towards high CE electrolytes

« Balancing solvation,
oxidation stability and
lonic transport

MATIONAL ACCELERATOR LABDRAT

* Functional additives

simultaneously stabilizing
high-Ni cathode and Lianode

Gen 1: LiPFgin
EC/DEC +
FEC+ LiDFOB

Developing

electrochemically
inert co-solventto

achieve

increased redox
tability

Gen 2:Gen 1 +
new fluorinated
co-solvent
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Localized High
concentration Electrolyte
(LHCE) :

a. Abasesolvent(such as DME)

A Lisalt (LiFSI) stable with Li

A diluent (suchas TTE)with a very
limited solvability of Li salt and fully
mixable with base solvent.
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Inorganic-SEI and electro-
mechanic stabilization-
stiffened electric double
layer:

Gen 1: LiFSI-Py14FSI

Gen 2 (typical formula): LiFSI-
Pyl4FSI-M2FSI
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Technical accomplishments and progress: Less
olvated Li*, lower overpotential, more 2D Li deposition
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Technical accomplishments and progress: Lower
solvation energy, more anion-derived SEl, higher CE
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Technical accomplishments and progress: Balancing ionic
conductivity and oxidative stabllity
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Technical accomplishments and progress: Rational design of
weakly-solvating electrolyte solvents

O~~~ DME

Solvation structures
Oxidation stability

lonic conductivity

Goals:

high CE

High-V cathode
Safety, low cost
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Technical accomplishments and progress: general findings on
electrolyte design

More solvated

DEE

> Fast ion conduction
> Low overpotential

A

> Poor Li metal CE
> Slow CE activation
> Oxidative instability

Molecular structural tuning
and
high-energy, long-cycling
practical Li metal batteries
with fast-rate capability
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Technical accomplishments and progress: our
electrolyte has fast activation

Thin Li
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Collaboration and Coordination with Other Institutions

PNNL: FDMB and X5 for pouch
cells

Binghamton U. (Whittingham):

thermal and oxidative stability
UT Austin (Manthiram): high-V
and Co-free cathodes

UCSD (Liu): SPAN battery

UW (Yang): 3D host
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Proposed future research

Understand the balance
Causes for the initial lower CE

Investigate higher current density failure
mechanism and solutions

Fine-tunning in different classes of solvent
systems

« Combination of various systems

 Collaborate with other groups to further
understand new electrolytes

Strong binding solvent
Solvent-derived, poor SEI

( )
Poor solvation Good solvation
(electrode stability) (fast ion transport)
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Weak binding solvent ™ g Slightly weaker solvent
Anion-derived, favored SEI “~<. Slow ion conduction




Summary

* We conducted a systematic study on the structure—performance
relationships of new electrolytes via multiple theoretical and experimental
tools.

« We found that crucial properties including Li*—solvent coordination,
solvation structure and battery performance.

« Our work emphasizes the critical yet less-studied direction, fast ion
conduction, in the Li metal battery electrolyte research. Itis critical to
achieve a balance between fast ion conduction and electrode stability
through fine-tuning the solvation ability of the solvent, and molecular
design and synthetic tools play important roles.

* We believe that rational molecular-level design and chemical synthesis
can endow the electrolyte field with more opportunities in the future.

 Collaborate with other groups to further understand new electrolytes are
underway.
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Technical accomplishments and progress: summary of work
related to rational design of LI metal coatings

Effect of coating mechanics

Theoretical investigation

A flowable artificial SEI for Li metal Experimental investigation
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